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(54) Pneumatic tyre 

(57) A pneumatic tyre improved in noise and aqua- 
planing performance, which comprises axially outer cir- 
cumferential grooves (3) disposed within a ground 
contacting width (2 SW) of the tread portion (12), and 
the axial distance L of the outer groove centre line 
thereof from the tyre equator being more than 0.4 times 
a half (SW) of the ground contacting width, and an inner 
circumferential groove disposed such that the axial dis- 
tance L of the inner groove centre line from the tyre 



equator is not more than 0.4 times a half (SW) of the 
ground contacting width. The ratio m/n of the axial 
widths m and n of the outer circumferential groove at 
the groove bottom and top, respectively is more than 0.5 
but not more than 1.0, and the ratio m/n of the axial 
widths m and n of the inner circumferential groove at 
the groove bottom and top, respectively is more than 0 
but not more than 0.5. 
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Description 

The present invention relates to a pneumatic tyre, more particularly to a tread which is capable of achieving a 
reduction in the running noise and an improvement in the aquaplaning performance at the same time. 

5 In recent years, as automobile technology is remarkably developed, the percentage of noise from the tyres to the 

overall noise from the automobile is increasing. Therefore, there is a great demand for lower noise tyres. 

In general, tyres are provided with circumferentially extending continuous grooves having a width of about 10 to 20 
mm to provide drainage for the tread portion and to improve wet performances such as aquaplaning performance. 
Such circumferential grooves, however, cause so called air tube resonance noise. 

10 Air tube resonance noise is a resonance phenomenon of the air in a tube formed in the ground contacting patch of 
the tyre by being surrounded by the inner surface of a circumferential groove and the road surface. As both the circum- 
ferential ends of the tube are open, the primary mode resonance occurs at a wave length of about 2 times the tube 
length. In case of a passenger car tyre, the frequency thereof ranges from about 800 Hz to 1 kHz, to which human ears 
are most sensitive, and is substantially constant independently of the running speed. 

15 If the circumferential grooves are decreased in volume and/or number, or the grooves are provided with blocks 
therein, the air resonance noise can be decreased. However, as the drainage by the grooves is then decreased, the 
aquaplaning performance of the tyre is greatly deteriorated. 

If the number and volume of the circumferential grooves are increased, the aquaplaning performance can be 
improved, but the tyre noise increases. Further, as the ground contacting area decreases, the dry grip performance, 

20 tread pattern rigidity, steering stability and the like are also decreased. 

It is therefore, an object of the present invention to provide a pneumatic tyre in which the air tube resonance noise 
is reduced without deteriorating aquaplaning performance. 

According to one aspect of the present invention, a pneumatic tyre comprises a tread portion provided with a pair 
of axially outer circumferential grooves and an axially inner circumferential groove, each extending continuously in the 

25 circumferential direction of the tyre, wherein the axially outer circumferential grooves is disposed within a ground con- 
tacting width 2 SW of the tread portion so that the axial distance L of the groove centre line thereof from the tyre equator 
is more than 0.4 times a half SW of the ground contacting width, the inner circumferential groove is disposed such that 
the axial distance L of the groove centre line thereof from the tyre equator is not more than 0.4 times a half Sl/l/of the 
ground contacting width, where the ground contacting width 2 SW measured in a standard loaded state in which the 

30 tyre is mounted on a standard rim, inflated to a standard inner pressure and loaded with a normal load, the ratio m/n of 
the axial widths m and n of the outer circumferential groove at the groove bottom and top, and respectively, being more 
than 0.5 but not more than 1 .0, the ratio m/n of the axial widths m and n of the inner circumferential groove at the groove 
bottom and top, respectively, being more than 0 but not more than 0.5. 

Here, the above-mentioned standard rim is a rim specified in the standard such as ETRTO (Europe), TEA (USA), 

35 JATMA (Japan) and the like called "measuring rim", "approved rim", "normal rim" and the like. The normal load is 88% 
of the maximum tyre load specified in the same standard. The standard inner pressure is also as specified in the stand- 
ard. 

It is preferable that the outer and inner circumferential grooves have a top width n of from 3 to 20 % of half the 
ground contacting width SW, and a depth of form 2.5 to 20 % of half ground the contacting width SW. 
40 It is also preferable that the top width n of the outer circumferential grooves is larger than the top width n of the inner 
circumferential groove. 

If the groove width ratio m/n of the outer circumferential grooves is less than 0.5, the aquaplaning performance 
abruptly decreases as shown in Fig.9 by a solid line. 

As the ground pressure is lower in the vicinity of the outer circumferential grooves than the inner circumferential 
45 groove, the outer circumferential grooves have much effect on the aquaplaning performance. By increasing the groove 
width ratio m/n of the outer circumferential grooves, the groove volume is increased, and the aquaplaning performance 
is improved. 

If the groove width ratio m/n is more than 1 .0, the tread elements such as blocks, rib and the like are decreased in 
the wear resistance and rigidity, and as a result the durability and manoeuvrability are decreased. 

so Contrarily, as the ground pressure is higher in the vicinity of the inner circumferential groove than the outer circum- 
ferential grooves, the groove width ratio m/n of the inner circumferential groove does not have much effect on the aqua- 
planing performance. However, the inner circumferential groove has much effect on the pass-by noise, and as shown in 
Fig. 8 by broken line, the pass-by noise decreases as the groove width ratio m/n decreases. 

In general, as shown in Fig. 10(A), (B) and (C), if the air tube closed by a groove and the road surface has the same 

55 cross sectional area (Wh), the perimeter length Z (developed length) of the cross section increases, as the groove width 
ratio m/n decreases. When the air in the groove or the air tube moves in the longitudinal direction, the frictional resist- 
ance increases in proportion to the increase in the perimeter length Z. Accordingly, without changing the groove sec- 
tional area (groove volume), by decreasing the groove width ratio m/n, the energy causing air resonance can be 
decreased to decrease the sound pressure of the pass-by noise. As explained above, even though the inner circumfer- 
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ential groove is decreased in the groove width ratio m/n, in comparison with the outer circumferential grooves, the pass- 
by noise can be reduced with improving the aquaplaning performance. If the groove width ratio m/n is more than 0.5, 
the reduction of the pass-by noise is very small. It is thus not preferable. 

In the present invention, the groove width ratios of the inner and outer circumferential grooves are consciously dif- 
5 fered as explained above. As a result, the improvement in the aquaplaning performance and reduction in the pass-by 
noise become compatible with each other. 

Embodiments of the present invention will now be described in detail in conjunction with the drawings, in which:- 

Fig.1 is a cross sectional view of an embodiment of the present invention; 
10 Fig. 2 shows the ground contacting region of the tread showing an example of the tread pattern; 

Fig. 3 is a cross sectional view of the inner circumferential groove; 

Fig. 4 is a cross sectional view of the outer circumferential groove; 

Fig. 5 is a plan view of another example of the circumferential groove; 

Fig. 6 is a plan view of another example of the circumferential groove; 
15 Fig. 7 is a cross sectional view showing another example of the sectional shape of the circumferential groove; 

Fig. 8 is a graph showing relationships between the groove width ratio of the inner circumferential groove and aqua- 
planing performance and pass-by noise; 

Fig. 9 is a graph showing relationships between the groove width ratio of the outer circumferential groove and aqua- 
planing performance and pass-by noise; and 
20 Fig.10(A)-(C) are cross sectional views for explaining a relationship between the groove width ratio m/n and the 
perimeter length Z of the groove sectional shape. 

In the Figures, a pneumatic tyre 1 according to the present invention comprises a tread portion 12, a pair of axially 
spaced bead portions 14 each with a bead core 15 therein, a pair of sidewall portions 13 extending between the tread 
25 edges E and the bead portions 14, a radial carcass 16 extending between the bead portions 14 through the tread por- 
tion 12 and sidewall portions 13 and turned up around the bead core 15 in the bead portion 14 from the axially inside 
to outside of the tyre to be secured thereto, a belt 17 disposed outside the carcass 16 and inside the tread portion 12, 
and a bead apex 18 disposed between the carcass main portion and turnup portion in each bead portion 14 and 
extending radially outwardly from the bead core 15. 
30 The carcass 16 in this embodiment comprises a single ply of radially arranged organic fibre cords. In case of pas- 
senger car tyres, for example, polyester, nylon, rayon or the like are used. 

The belt 17 comprises a plurality of plies of cords having a high-tensile-rigidity such as steel, aromatic polyamide 
and the like. The cords in each ply are laid at a relatively small angle of from 15 to 30 degrees with respect to the tyre 
circumferential direction in parallel with each other but crosswise to the cords of the other ply. 
35 In Fig.1 , the tyre 1 is mounted on a standard rim J and inflated to standard inner pressure. In a cross section 
thereof, the surface 2 of the tread portion 12 is defined by a convex curve having a single radius or a multi-radius. Thus, 
when the tyre is loaded with a normal load (= 88% of Max. load), the ground pressure of the tread portion gradually 
increases from the tread edges E toward the tyre equator C, defining the ground contacting width (2 SW) as the maxi- 
mum axial distance between the axial edges F of the ground contacting region S. 
40 The tread portion 12 is provided within the ground contacting width (2 SW) with at least three circumferential 
grooves 3 extend continuous in the circumferential direction of the tyre. 

The circumferential grooves 3 comprises at least two axially outer circumferential grooves 5 each disposed on each 
side of the tyre equator C, and at least one axially inner circumferential groove 4 disposed axially inside thereof. 

Each outer circumferential groove 5 is located such that the axial distance of the groove centre from the tyre equa- 
45 tor is more than 0.4 times half the ground contacting width SW. 

Each inner circumferential groove 4 is located such that the axial distance of the groove centre from the tyre equa- 
tor is not more than 0.4 times half the ground contacting width SW. 

The total number of the inner and outer circumferential grooves 4 and 5 is accordingly, not less than three, and pref- 
erably not more than seven. If the total number is less than three, the aquaplaning performance greatly decreases. If 
50 the total number is more than seven, the pass-by noise has a tendency to increase, and the ground contacting area 
decreases to deteriorate the wear resistance, steering stability and the like. 

In the embodiment shown in Fig. 2, two inner circumferential grooves 4 and two outer circumferential grooves 5, 
each of which is a straight groove extending substantially parallel with the tyre equator C, are provided. 

However, the configuration of the inner and outer circumferential grooves 4 and 5 can be modified in a non-linear 

55 one. 

Fig. 5 shows the circumferential groove 3 (4, 5) formed as a zigzag groove 3A. In case of a zigzag groove, the ratio 
X2/X1 of the zigzag height X2 to the zigzag pitch X1 is preferably not more than 0.3. Here, the "zigzag" groove includes 
a wavy groove (smoothly curved configuration). 
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Fig. 6 shows a square-wave groove 3B as a further modification of the circumferential groove 3 (4, 5). In the case 
of a square-wave groove 3B, the ratio (e/n) of the axial deviation or amplitude (e) of the groove centre line is preferably 
not more than 0.45 times the groove top width n. 

Preferably, the tread portion 12 is further provided with axial grooves 21 extending axially of the tyre to intersect the 
5 inner and outer circumferential grooves 3 (4, 5). 

In this embodiment, the axial grooves extends from each inner circumferential groove 4 to the adjacent outer cir- 
cumferential groove 5, and from the outer circumferential groove 5 towards the tread edge E beyond the ground con- 
tacting area edge F. Thus, on each side of the tyre equator C, two rows of blocks are formed, but in the tread centre 
between the two inner grooves 4, a circumferentially continuous rib is formed. 
10 According to the present invention, between the inner circumferential groove and the outer circumferential groove, 
the bottom width/top width ratio is changed. 

In the inner circumferential grooves 4, the ratio m/n of the bottom width m to the top width n is more than 0 but not 
more than 0.5. However, in the outer circumferential grooves 5, it is more than 0.5 but not more than 1.0, as shown in 
Figs. 3 and 4. 

15 In the inner and outer circumferential grooves 4 and 5, the top width n is in the range of from 3 to 20% of a half 
ground contacting width SW, and the groove depth GD is in the range of from 2.5 to 20% of a half ground contacting 
width SW, whereby a required groove volume can be obtained which helps to make the aquaplaning performance being 
compatible with the pass-by noise. 

In Figs.3 and 4, the sectional shapes of the circumferential grooves 4 and 5 are substantially symmetrical about the 

20 centre line of the groove. 

However, the sectional shape can be asymmetrical. Fig.7 shows an asymmetrical sectional shape for the inner and 
outer circumferential grooves 3 (4, 5), wherein the inclination angle of the one sidewall 7 is differed from that of the other 
sidewall 7, and as a result the centre line x2 of the top width n is axially shifted from the centre line x1 of the bottom 
width m. 

25 In the tyre cross section including the tyre axis, the sidewalls 7 of each of the outer and inner circumferential 
grooves 5 and 4 are generally straight. 

The top width n is the axial distance between the intersections H of the sidewalls 7 with the tread surface 2. 
The bottom width m is the axial distance between the intersections G of the sidewalls 7 with an axial straight line 
passing the deepest point of the bottom which usually occurs in the groove centre. 
30 Preferably, the corners between the groove bottom and sidewalls are chamfered to prevent cracking. In this case, 
as the above-mentioned intersection G, that of the extension line of the sidewall 7 with the above-mentioned bottom line 
is used instead. 

On the contrary, it is preferable that the corner between the sidewall 7 and the tread surface 2 is not chamfered. 
However, if it is chamfered, as is the intersection H, the extension line of the sidewall 7 with the tread surface line is 
35 used. 

In Figs.3 and 4, the corners of the groove bottom 6 of the inner and outer circumferential grooves 4 and 5 are 
rounded. As a result, the bottom 6 of the outer circumferential groove 5 has a pair of curved portions (rounded corners) 
one on each side of its flat main portion. However, the bottom 6 of the inner circumferential groove 4 has no flat portion, 
the entirety is curved at a substantially single radius of curvature. It is however, possible that the inner circumferential 
40 groove bottom includes a flat portion between a pair of curved portions. Further, it is possible for chamfering the corners 
to use an inclined straight line instead of a curved line so that the groove cross sectional shape consists of only straight 
lines. 

The above-mentioned various sectional shapes and configurations for the circumferential grooves 3 (4 and 5) can 
be use alone or in combination in a tyre. 
45 Test tyres of size 205/60R15 having the structure shown in Figs.1 and 2 and specifications shown in Table 1 were 
prepared. The test tyres were mounted on a 15X6JJ rim and inflated to 2.0 kgf/cm 2 and fitted to a test car and the fol- 
lowing tests were made. 

1 . Test 1 

50 

1.1. Running noise test 

According to JASO C-606 (microphone position 7.5 meter), the test car was coasted and the overall running noise 
(pass-by noise) therefrom was measured in dB(A). In Table 1, the results are indicated by a difference from a conven- 
55 tional tyre. 
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1.2. Aquaplaning performance 

Running the test car on a wet road surface (water depth 5 mm, radius 1 00 meters, length 20 meters) and increasing 
stepwise the running speed, the lateral acceleration (lateral G) was measured. From the obtained data, the lateral G 
5 from 70 to 90 km/h was calculated. The results are indicated by an index based on that the conventional tyre is 100. 
The larger the value, the better the performance. 

2. Test 2 

10 Further, test tyres were prepared and the aquaplaning performance and pass-by noise were measured in the same 
manner as above. The test tyres had a tread pattern based on that of the conventional tyre in the above-mentioned test 
1 but all the axial grooves of which were eliminated. The groove width ratio m/n of only the two inner circumferential 
grooves was changed by changing only the groove bottom width m. The test results are shown in Fig.8. 

Furthermore, in the same manner as above, test tyres in which the groove width ratio m/n of only the two outer cir- 
15 cumferential grooves was changed were prepared and tested. The test results are shown in Fig.9. 

Through the tests 1 and 2, it was confirmed that the tyres according to the present invention satisfy the aquaplaning 
performance and pass-by noise. This is particularly apparent when the tyre according to the present invention is com- 
pared with the reference tyre 4 having the same groove volume. 
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Claims 

1. A pneumatic tyre comprising a tread portion (12) provided with a pair of axially outer circumferential grooves (3) 
and an axially inner circumferential groove (4), each extending continuously in the circumferential direction of the 
tyre, characterised in that the axially outer circumferential grooves (3) are disposed within a ground contacting 
width (2 SW) of the tread portion, and the axial distance L of the groove centre line thereof from the tyre equator is 
more than 0.4 times a half (SW) of the ground contacting width, the inner circumferential groove (4) is disposed 
such that the axial distance L of the groove centre line from the tyre equator is not more than 0.4 times a half (SW) 
of the ground contacting width, the ratio m/n of the axial widths m and n of the outer circumferential groove (3) at 
the groove bottom and top, respectively is more than 0.5 but not more than 1 .0, the ratio m/n of the axial widths m 
and n of the inner circumferential groove (4) at the groove bottom and top, respectively is more than 0 but not more 
than 0.5. 

2. A pneumatic tyre according to claim 1 , characterised in that the top width n of the outer circumferential grooves (3) 
is in the range of from 3 to 20 % of a half ground contacting width SW, the groove depth of the outer circumferential 
grooves (3) is in the range of from 2.5 to 20 % of a half ground contacting width SW, the top width n of the inner 
circumferential groove (4) is in the range of from 3 to 20 % of a half ground contacting width SW, and the groove 
depth of the inner circumferential groove (4) is in the range of from 2.5 to 20 % of a half ground contacting width 
SW. 

3. A pneumatic tyre according to claim 1 or 2, characterised in that the top width n of the outer circumferential grooves 
(3) is more than the top width n of the inner circumferential groove. 

4. A pneumatic tyre according to claim 1, 2 or 3, characterised in that the axially outer and inner circumferential 
grooves (3,4) comprise straight grooves. 

5. A pneumatic tyre according to claim 1, 2 or 3, characterised in that the axially outer and inner circumferential 
grooves (3,4) comprise a non-linear groove such as zigzag groove, wavy groove or square-wave groove. 

6. A pneumatic tyre according to claim 1 , 2, 3, 4 or 5, characterised in that the corners of the groove bottom (6) of the 
circumferential grooves are chamfered, but the corners between the groove sidewalls (7) and the tread surface are 
edged or sharp. 
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Fig. 8 
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